Introduction
============

Natural disasters are ecological phenomena that disturb the normal order of life in a society beyond its adaptive capabilities, and thus result in an urgent and great necessity for external aid. Compared with other natural disasters, earthquakes are much more harmful, causing both loss of life and material losses.[@b1-tcrm-7-049],[@b2-tcrm-7-049] Earthquake magnitude is evaluated by the Richter scale. It was developed in 1935 by Charles Richter in collaboration with Beno Gutenberg, both of the California Institute of Technology. This scale assigns a single number to quantify the amount of seismic energy released by an earthquake. The magnitude of an earthquake is determined from the logarithm of the amplitude of waves recorded by seismographs. On the Richter scale, magnitude is expressed in whole numbers and decimal fractions. For example, a magnitude 5.3 might be computed for a moderate earthquake, and a strong earthquake might be rated as magnitude 6.3.[@b3-tcrm-7-049],[@b4-tcrm-7-049]

An earthquake measuring 6.6 on the Richter scale struck the city of Bam and the surrounding areas of Kerman Province, southeastern Iran, on December 26, 2003 at 5:26 am (Iran standard time). It was a disaster in which the city was destroyed, with over 40,000 people killed and nearly 30,000 injured.[@b5-tcrm-7-049] Before the 2003 earthquake, the official population count of the city was roughly 43,000.[@b6-tcrm-7-049] The modern city of Bam surrounds the Bam citadel. It was developed as an agricultural and industrial center, and until the 2003 earthquake was experiencing rapid growth. The city is known for its dates and citrus fruit, and has benefited from tourism due to its ancient citadel.[@b7-tcrm-7-049] It is well known that Iran is an earthquake-prone country. However, this urban earthquake was a new event because the populous of the older city of Bam was involved. The management capacity of the regular emergency medical care system was exceeded during this earthquake because main roads, lifelines, (including water, gas, electricity), and many hospitals were severely damaged. The aim of this research was to document genitourinary system injury patterns following an earthquake.

Materials and methods
=====================

We retrospectively evaluated urological trauma in patients who survived the Bam earthquake. Participants consisted of all patients with multiple traumas who were admitted to two major Kerman hospitals (Hazrat-e-Fatemeh and Kashani). Although more than 30,000 casualties were estimated, the main injuries were minor, and those cases were managed in the emergency room on an outpatient basis. Other cases needing admission were transferred to neighboring provinces. Medical records and patient imaging studies were carefully reviewed in order to determine their initial urological status (at the time of primary hospital admission) and associated injuries. A total of 256 cases with earthquake-related injuries were referred to the two tertiary hospitals of Kerman within the first 72 hours after the disaster. After full physical examination, radiographic evaluation, intravenous pyelography, retrograde urethrography, and/or cystography, 28 cases (11%) of genitourinary trauma were detected and enrolled in our study ([Table 1](#t1-tcrm-7-049){ref-type="table"}). The data collected included demographic characteristics, mechanism of trauma, type and severity of injury, associated injuries, detection of abnormal radiologic findings, and intraperitoneal or extraperitoneal rupture on cystography. The data collected were analyzed with SPSS software (SPSS Inc, Chicago, IL).

Results
=======

Of 256 patients admitted to the aforementioned hospitals due to the earthquake, 28 had genitourinary system trauma alone or in combination with other organ system trauma, comprising 11% of the total hospitalized trauma patients. Twenty-two cases (78.5%) were males and six (11.5%) were females. The mean age of those admitted was 47 (18--67) years ([Table 1](#t1-tcrm-7-049){ref-type="table"}). All of the patients were in the supine position at the time of the earthquake. After full radiographic evaluation with abdominopelvic computed tomography, cystography, and retrograde urethrography, the most commonly diagnosed injury was pelvic fracture accompanied by urethral disruption (PFUD, 10 cases \[35.5%\]), urethral disruption or injury alone in 10 cases (35.5%), and PFUD synchronous with liver injury in one case (3.5%). In the remainder, there were four cases (14%) of vesicovaginal fistula, two cases (7%) of renal shattering or simple injury cases, and one case (3.5%) of bladder neck rupture with synchronous right ureteral disruption ([Table 2](#t2-tcrm-7-049){ref-type="table"}). The most common signs and symptoms in these cases were urethrorrhagia and inability to void, with or without signs and symptoms of pelvic bone fracture. All of the cases with PFUD and urethral disruption occurred in males (*P* ≤ 0.05). There were no female urethral injuries identified.

There was no difference regarding age of the patients and type of injuries observed (*P* ≤ 0.05). The treatment selected for urethral injury with or without pelvic fracture was open or percutaneous cystostomy and urethral repair performed 3--6 months after the primary admission. In the case of renal shattering (Grade 5, one case \[3.5%\]), simple nephrectomy was performed. A case of Grade 3 renal trauma in a woman was managed conservatively. One case of vesicovaginal fistula was treated 2--4 weeks after primary admission. The mean primary hospital stay was four (2--14) days. After performance of temporizing measures like cystostomy, and treatment of related orthopedic injuries, the patients were followed up in the usual manner.

Discussion
==========

Over 500,000 earthquakes are reported each year worldwide. However, the majority are minor events, with only a minority resulting in significant morbidity and mortality.[@b8-tcrm-7-049] Earthquakes are the most destructive of the natural disasters, with three million lives claimed over the past 20 years.[@b9-tcrm-7-049] Based on our study, the most common urologic injury sustained in the supine position after earthquake was urethral disruption. In earthquake-induced trauma, however, each body part can be traumatized separately under different loads with different forces. Thus, each injury is independent from the others.[@b5-tcrm-7-049] In our cases, collapsed dwellings contributed to almost all of the injuries. Most injured persons were indoors at the time, asleep in old clay houses. In a study by Mulvey et al, 149 cases admitted after the 2005 Kashmir earthquake were evaluated.[@b10-tcrm-7-049] The most common injuries (50%) were to the lower and/or upper extremities. Abdominal injuries were reported in 1% of cases. No cases of renal trauma or other genitourinary injuries were reported. In a study by Bulut et al of 263 Marmara earthquake patients in 1999, the most frequently occurring injuries among the hospitalized trauma patients were to the extremities (66.6%), followed by spinal, chest, and abdominal (7.1%), and cranial and pelvic (4.5%) injuries.

In the nonearthquake-related trauma patients, up to 10% have been reported to have involvement of the urogenital system, and 10%--15% of trauma patients with abdominal injuries have urogenital involvement.[@b11-tcrm-7-049] Kidney injuries constitute 45% of all urogenital traumas, and the most common cause is blunt trauma. Bladder injuries are most commonly caused by pelvic fractures. In 5%--10% of cases with pelvic fractures, urinary tract injuries have been detected.[@b12-tcrm-7-049],[@b13-tcrm-7-049]

We observed that the chance of earthquake-related urogenital system trauma was higher than for nonearthquake-related trauma, and its pattern differed. In a study by Salimi et al of 17,753 nonearthquake-related trauma admissions, nearly 1% had injuries to the urogenital system.[@b14-tcrm-7-049] We found urogenital trauma in 11% of our earthquake patients. Road traffic accident was the most common cause of trauma, and the most commonly injured organs were the kidneys in 61.1% of cases and the bladder in 13.7%, whereas urethral injury was the most commonly injured site. Associated intra-abdominal injuries were detected in 74% of cases. In addition, urethral injuries were detected in 8.6% of cases, but after the earthquake we found earthquake-related injuries in 74.5% of our cases.

When earthquakes occur in countries with modern buildings, such as the US or Japan, casualties are thought to be caused by the failure of nonstructural elements or by earthquake-induced accidents, rather than by the collapse of buildings,[@b15-tcrm-7-049] as occurred in Bam. Crush syndrome or injuries to the vital organs are the main cause of morbidity and mortality in earthquakes.[@b16-tcrm-7-049] We did not find crush syndrome in any of our cases. In a study by Tanaka et al after the 1995 Hanshin-Awaji earthquake in Japan involving 2718 cases,[@b17-tcrm-7-049] 67 abdominal injuries and 338 pelvic fractures were reported. No information on the genitourinary system was reported. In earthquake-induced trauma, each body part can be traumatized separately under different loads with different forces. Thus, each injury is independent from the others,[@b5-tcrm-7-049] which was also true in our study.

Conclusion
==========

Catastrophes can occur anywhere and at any time, and the number of victims cannot be foreseen. Following a devastating catastrophe, such as an earthquake, especially during the initial 24--48-hour period, an excessive flow of patients will always be encountered in emergency departments. Evaluation of these patients by specialized and complementary teams is important.

We focused for the first time on genitourinary injuries after an earthquake, and found that urethral disruption injuries are most common, and urgent cystostomy is a temporizing measure.
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###### 

Characteristics of patients admitted after the Bam earthquake in Iran

  -----------------------------------------------------
  Admitted cases (total) 256 cases
  28 (11%) → Selected cases with genitourinary trauma
  M/F 22/6
  Male 78.5%
  Female 11.5%
  Age, years mean (range) 47 (18--67)
  Mean hospital stay (days) 4 (2--14)
  -----------------------------------------------------

###### 

Prevalence of specific injuries

  **Type of injury**                                                 **Number (28 cases)**   **Percentage (100%)**
  ------------------------------------------------------------------ ----------------------- -----------------------
  Pelvic fracture-urethral disruption                                10 cases                36%
  Urethral disruption                                                10 cases                36%
  Vesicovaginal fistula                                              4 cases                 14%
  Renal trauma                                                       2 cases                 7%
  Right ureteral rupture with synchronous vesicovaginal fistula      1 case                  3.5%
  Pelvic fracture-urethral disruption associated with liver injury   1 case                  3.5%
